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Abstract 
One goal of implementing PHM (Prognostic and Health Management) is to lower the cost of maintenance, and it is 
highly recommended to implement the model that is adequate for providing the right tool for evaluating PHM system. 
The implementing PHM will lead some cost and achieve some benefits. There are many types of costs, such as PHM 
implementation cost, the cost of buying or developing, integrating, and sustaining a PHM technology. The benefit can 
be quantified in both economic and in non-economic terms. In addition, benefits should be evaluated from a total 
enterprise viewpoint. This paper presents a methodology to perform cost-benefit analysis from the view of lower 
costs, analysis the main factors of implementing PHM and designs the Cost-Benefit Model. Using this model, we 
calculate costs and benefits from PHM together in integrating way according to the different scenarios and choose the 
right method to get the goal of lowering costs. 
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1. Introduction 
The technique of PHM is putted forward and developed by USA army. PHM enhances the ability of 
BIST and health monitor of the USA weapon system, and successfully gets the change from state monitor 
of weapon to health management. The prognostic and health management system help to manage the 
happening of failure and make the layout and do the decision-making for maintenance. By doing this we 
can lower the costs of use and maintenance for weapon. From data get from the US army, in the life cycle 
cost of the weapon, the cost of use and maintenance is a 72 percentage in all cost, and one third of cost is 
caused by unnecessary or inaccurate maintenance. Compared with use cost, maintenance cost is more 
easy to lower. PHM (Prognostic and Health Management) is one of the means to reduce maintenance cost, 
such as reduce spare parts, maintenance equipment or man power by applying PHM; It also can lower the 
time of maintenance and enhance useful life by reduce the number of maintenance especially the number 
of scheduled maintenance. It can lower the risk of failure in mission and enhance the successful 
probability of the mission by health apperceiving.                                                                                               
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This paper considered the factors of generating benefits and costs to build the cost-benefit model. We 
can evaluate the effect of the applying with this model. It will also offer advices for decision-making. 
Finally, this model applied in two components of AH-64 Apache to confirm its validity.      
2. Cost-benefit model based on overall benefits 
The gain of overall benefits is by the discover fault and predict the happening of importance failure to 
contrast the costs come from implying PHM system. This paper first do the benefits and costs model 
respective, and finally construct cost-benefit model based on overall benefits.  
2.1  The benefit model of PHM 
This part analyses the benefits getting from implying PHM. The benefits is composed with follow 
parts˖ 
1.The benefits comes from the reducing of scheduled maintenance. 
With the fault monitor system, it can reduce some cost (such as scheduled inspection). The 
formulation is as follows: 
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Where: 
B1:the benefits getting from reducing scheduled maintenance; 
Nb1: number of components that will be modified to supply provisions for PHM; 
ni: number of tasks (scheduled maintenance for component i) that can be avoided; 
c1i: costs of repairing component i, including man-hour, spare parts and other related costs; 
c2i: costs of the interruptions by scheduled maintenance. 
2.The benefits getting from the reducing of failure 
PHM can discover the sign of the failure with some probability, and give maintenance man the 
direction to make some maintenance policy, which can avoid the happening of the failure or lower the 
damage caused by failure. We suppose that the number of failure pattern is N; The number of happen for 
failure pattern i  is il ; The number of failure sequent is M if failure i happen, and the probability of the 
failure sequent j is ijp . The costs of damage is ijc . The probability of successful discovery is CR , so 
the benefit getting by reducing failure showed by formulation as follows: 
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3. The benefits of reduction of secondary damages  
Since prognostic avoids the occurrence of failures, it also avoids the occurrence of secondary 
damages. The formulation is as follows: 
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Where: 
CR : the veracity of the PHM;        il ' : the number of component i failed; 
3B : the benefits of reduction of secondary damages;      Cj: costs of repairing component j ; 
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2N : the number of components that may cause secondary damage when failed; 
2M : the number of component i that may cause secondary damage when failed; 
ijp' : the probability of component i caused the damage of component j . 
4. Intangible Benefits 
Many PHM benefits may not be easily quantified. However, many of such benefits are important 
and should be qualitatively accounted for on the cost-benefit analysis. A health management solution, 
when successfully implemented to an equipment model, may contribute for creating a positive image of 
reliability for the product due to the reduced maintenance costs and the other cited benefits. Other 
intangible benefits are those related to safety: the information of impending failures may avoid the 
occurrence of incidents and even accidents. Any improvement of equipment safety is highly desirable and 
worthwhile. The database resulting from the collection of equipment monitoring data can be useful for 
other purposes besides the ones previously cited. For instance, such database may be used for training 
maintenance personnel or for supporting the development of new equipment or the negotiations with 
suppliers concerning warranty. So we should consider the intangible benefits in the model. 
2.2 The costs model of PHM 
Obviously, none of the presented benefits come for free. Both the manufacturer and the operator must 
invest money in order to implement PHM. The costs associated to PHM will be divided into four 
categories: Development Costs, Aircraft Costs, Operation/Maintenance Expenses and PHM side-effects. 
1.Development and operation costs 
If the equipment manufacturer is to provide PHM technology to its clients, it must invest in research 
in order to gain the proper knowledge on the subject. This process is usually long term and may include 
costs for testing, attendance to congresses and others beyond the researcher's labor cost. This cost is 
comprised in development costs. The costs of development and operation include design costs c11; 
Training costs of maintenance people c12; Operation costs c13. The following describes such costs: 
1 11 12 13 (4)C c c c    
2.Costs of dealing with failure after successful prognosticating 
It includes the costs of workload losing and costs of maintenance (such as spare part, man power etc). 
The following equation describes such costs: 
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Where: 
C2: costs of dealing with failure after successful prognosticating; 
CR: the veracity of Prognostic;       N: number of failure pattern; 
M: number of failure consequence for each failure pattern;      li:  number of failure i happen; 
c1ij: costs of consequence j of failure i causing the shutdown of the equipment; 
c2ij: costs of the maintenance source brought by consequence j of failure i, such as spare part; 
pij: the probability for consequence j of failure i. 
3.Costs of wrong diagnosis 
PHM system can’t every time to right prognose the happening of the failure. The wrong diagnosis 
will also cause costs. It has two aspects: 1.The equipment is wrong, but the PHM couldn’t prognosticate 
the happening of the failure; 2.The equipment is good, but the PHM system get the idea that the 
equipment is not in good condition. So we take action to do some examination, which would cause costs. 
The following equation describes such costs: 
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Where: 
C3: Costs of wrong diagnosis; 
pf1ˈpf2: probability of two false positive;     N: number of failure pattern; 
M: number of failure consequence for each failure pattern;     li:  number of failure i happen; 
pij: the probability for consequence j of failure i; 
cij: in the aspect 1, the loss caused by consequence j of failure i; 
c1ij: in the aspect 2, the inspection costs of consequence j of failure i. 
4. Costs of side-effect caused by the application of PHM 
The application of PHM technologies yields one relevant side-effect that may be accounted as a cost. 
When the prognostics information is used to remove a component from the system before it fails, some 
useful life of such component is wasted. The cost of the wasted life of the components can be defined by 
the following equation: 
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Where: 
C4: costs of side-effect caused by the application of PHM; 
CR: the veracity of prognostic;        n: number of components that will imply PHM; 
ti: the waste of residual life of component i;     ni: number of replacing component i; 
K: benefit of unit life of component i. 
2.3 cost-benefit model based in overall benefits 
With the benefits model and costs model, we can get the overall benefits model. We let the benefits 
subtract the costs, which will get the overall benefits. We can obtain the overall benefits with (1)-(7): 
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        We can judge the project and the PHM system by the value of B. The bigger the value of B is, the 
good the project and the PHM system is. With this model, we can evaluate the PHM system good or not, 
and also can give advice for decision-making and maintenance plan. 
3. 3 Analysis of a case 
The AH-64 Apache helicopter is a twin-engine, aerial weapons platform. There are two components 
want to be monitored by PHM on the AH-64 in the case, which are Engine Assembly and Hydraulic 
Pump. The cost-benefit model is applying in the two components to decide whether implement PHM. 
Engine Assemblies are the main engines for the AH-64. The engines are front drive turbo shaft 
engines of modular construction. Hydraulic Pump is a subcomponent of the hydraulic system that 
provides hydraulic power to the flight controls, weapon drives.  
A component may be inspected as often as every day or at intervals of several hundred hours. Each 
inspection interval is a unique inspection in the sense that some of the more common inspections are a 
visual exterior check of a component whereas the more infrequent inspections require removal of the 
component from the airframe. Each inspection has a specific number of maintenance-man hours (MMH) 
required in order to complete the maintenance task. 
Listed below in Tables 1 are the most time consuming and thorough inspections for the two 
components. We can learn from Tables 1 that the maintenance task reduced half after applying PHM. 
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Table 1 AH-64 Apache Maintenance Regime  
AH-64 Component Maintenance type Inspection Interval MMH 
Engine Assembly Legacy Maintenance 250 Flight Hours 30 Hours PHM 500 Flight Hours 30 Hours 
Hydraulic Pump Legacy Maintenance 120 Flight Hours 2 Hours PHM 250 Flight Hours 2 Hours 
Listed below in Table 2 are the PHM component’s estimated mean time between failure  (MTBF) 
and Age Replacement times. The Age Replacement times are derived from the applicable airframes’ 
Technical Manual. The MTBFs listed below are obtained from AMCOM’s Proof of Principle briefs.  
            Table 2 PHM Component MTBF and Age Replacement 
AH-64 Component MTBF Age Replacement 
Engine Assembly 1,304 Flight Hours 5,000 Flight Hours 
Hydraulic Pump 464 Flight Hours 1,500 Flight Hours 
Fist step: In order to do the cost-benefit analyze, we should fist list the fault patterns and the costs 
of the component. Listed below are each component’s maintenance cost and fault patterns. 
Table 3 fault patterns and maintenance cost of the compoents 
AH-64 
Component 
Fault 
pattern 
Character of fault pattern Maintenance costs 
expectation 
of failure 
number( il ) 
Fault consequence
Probability 
( ijp ) 
Loss 
 ( ijc ) ijc1  ijc2  
Engine 
Assembly  
Fault of 
firebox 0.5 
Engine  
can’t work 0.2 $800,000 $6,200 $3,300 
Capability degrade 0.7 $20,000 $800 $400 
Fault of 
rotor 0.8 
Rotate speed 
degrade 0.9 $50,000 $2,400 $600 
Engine  
can’t work 0.1 $300,000 $300 $800 
Fault of 
Cooling 
system 
3 Flight speed degrade 1 $17,000 $1,100 $400 
Hydraulic 
Pump 
Fault of 
bearing 0.8 
Weapon can’t 
work 0.8 $27,000 $3,200 $1,800 
Hydraulic pressure 
system failure 0.2 $42,000 $2,100 $900 
Fault of 
piston 2 
Hydraulic pressure 
degrade 1 $22,000 $800 $1,200 
Fault of 
airproof 3.5 Capability degrade 1 $5,000 $300 $700 
Table 4 factor of the model 
AH-64 Component Accuracy (CR) 
False positive Development costs 
(c11) 
Training costs (c12) 
Operation costs 
(c13) 1fp  2fp  
Engine Assembly  0.98 0.02 0.03 $150,000 $35,000 $15,000 
Hydraulic Pump 0.96 0.04 0.06 $50,000 $13,000 $8,000 
Second step: compute the model 
The benefit comes from the reducing of scheduled maintenance 
With the table 1 and table 2, we can get that the reducing of scheduled maintenance is ni, which is 10 
and 6 in the life cycle. We assume that the cost of maintenance-man hour (MMH) is 200 dollar, and we 
can get the two components costs of the scheduled maintenance c1 is 6,000 dollar and 400 dollar. We also 
assume that the maintenance activity is do in the case of grounding of aircraft, so the costs of the 
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interruptions by scheduled maintenance c2 is 0. With the information above, we can get the benefits come 
from the reducing of scheduled maintenance for the two components are the follows: 
Engine Assembly: B1=$60,000 
Hydraulic Pump: B1=$2,400 
We can also get the other costs and benefits with the table 1-4 and the formula (2)-(6), which are 
showed in the table 5(with the analysis, the benefit of reduction of secondary damages is 20 percents of 
the benefit getting from the reducing of failure, which is 23 2.0 BB u , and in this case, the number of 
replace is small, so we assume C4=0 ). 
Table 5 the benefits and the costs of the components 
AH-64 
Component 
benefits costs 
B1 B2 B3 C1 C2 C3 
Engine Assembly  $60,000 $194,000 $19,400 $182,000 $9,900 $4,100 
Hydraulic Pump $2,400 $82,000 $8,200 $71,000 $10,700 $3,600 
Third step: result and analysis 
With the equation (8), we can get the overall benefits of the two components: 
Overall benefits of Engine Assembly and Hydraulic Pump: BE=77,500 dollars, BH=7,300 dollars. 
From the result, it shows that the overall benefits getting from implying PHM in Engine is mach 
more than the overall benefits of Utility Hydraulic Pump. And more, the Engine Assembly is important 
component in the airplane, which will cause severe consequence (such as crash of the plane and the death 
of the airman) when the Engine is failed. It is obviously that the intangible benefits of implying PHM in 
Engine Assembly is bigger. So we decide implying PHM on Engine Assembly not Utility Hydraulic 
Pump. 
4.  Conclusion 
    When we consider adopting PHM, the first work is to do the cost-benefit analysis. The purpose of 
implying PHM is to reduce more failures and spend least costs. This paper put forward Cost-Benefit 
Model for PHM to analyses the main factors of implementing PHM which can cause costs and benefits. 
The model can give advice for decision-making and maintenance plan. Finally the paper present an 
example to prove the model, and as a result the model is in effect. 
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